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Using measured equipment-load data to avoid

oversizing and minimize simultaneous heating

and cooling, reducing initial and life-cycle costs

Editor’s note: This is Part I in a two-part series.

he third most energy-intensive building

I type'—a single fume hood can consume

as much energy as three average U.S.
homes—Ilaboratory facilities

DATA IN SHORT SUPPLY

With measured equipment-load data for labora-
tories and other complex buildings relatively scarce,
designs often are based on “nameplate”-rated data
or assumptions from prior projects. This increases

the likelihood of two design
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significant energy-efficiency and DALE SARTOR, PE, of equipment loads results
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however, shows that laboratory DAVID FRENZE, PE, which increase initial construc-
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buildings (e.g., variable-speed
drives, efficient lighting), while
others are specific to laboratories (e.g., high-
performance fume hoods) and still others require
special considerations (e.g., energy recovery). The
applicability and potential of each opportunity
varies based on laboratory location and type.

This article will discuss the use of measured
equipment-load data to “right-size” laboratory
HVAC systems and minimize simultaneous heat-
ing and cooling. (“Equipment load” refers to heat
gain attributed to equipment such as autoclaves,
glass washers, refrigerators, and computers.)

University of California, Davis

equipment-load variation
across zones can increase reheat
energy use significantly, particularly in systems
that use zone reheat for temperature control.

In the design of laboratory HVAC systems, the
use of measured equipment-load data from
comparable laboratories supports right-sizing and
the optimization of system configuration.

PEAK-LOAD ESTIMATION

HVAC systems are sized based on a peak condi-
tion that takes into account climate-related loads
and internal loads from occupants, lighting, and
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equipment. For some of these parame-
ters, criteria for peak conditions (e.g.,
design days for climate) are well-
established, while for others, the designer
has to use context-specific information
(e.g., load diversity) and engineering
judgment. In the case of equipment
loads, uncertainty surrounds:

* Amount and type of equipment.
Although this is analyzed and docu-
mented during the programming phase
of design, it varies over the life of a
laboratory.

* Power. With most equipment, rated
(nameplate) power is much greater than
actual power, even when the equipment
is operating fully.

o Schedule of use. Even with good
estimates of the amount and type of
equipment and power, schedule of
use is difficult to derive deterministically
because it is driven largely by user
behavior, and the complete inventory

Watts per gross square foot

Facility ID

FIGURE 1. Total electrical demand (watts per gross square foot) of various laboratory
facilities in the Labs for the 21st Century benchmarking database.

of installed equipment typically is not
used simultaneously.

Although 1999 ASHRAE Hand-
book—-HVAC Applications’ recom-
mends the evaluation of “equipment-
nameplate ratings, applicable use
and usage factors, and overall diversity,”

a lack of data often leads designers to
assume the worst case for each parameter
and, thus, grossly overestimate equip-
ment loads.*> Further, worst-case
equipment loads often are assumed to
coincide with worst-case climate loads.
Brown® cites several examples of conven-
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HVAC

tional engineering methods being used
to oversize HVAC systems, including
a case in which an installed cooling
plant was reduced in size by half, but still
had double the capacity to meet loads
while the building was fully occupied. In
an analysis of 26 laboratory projects by
Martin,” cooling systems were oversized
40 to 300 percent, with an average of
about 80 percent.

The Labs for the 21st Century
(Labs21) benchmarking database, which
contains energy-use and demand data for
about 70 laboratory facilities, provides
further insight.® Figure 1 shows the total
electrical demand of the facilities for
which measured peak-demand data
were available. The facilities represent
various types of laboratories in several
different climate zones. The data show
that none of the facilities has total peak
electrical loads of more than 15 w per
gross square foot. Although this metric
includes all electric end uses (i.e., HVAC,
lighting, and equipment), designers
commonly assume loads of at least 10
to 12 w per square foot for equipment
alone. While this assumption may be
appropriate for a few high-intensity lab
spaces, it is unreasonable buildingwide.

CASE STUDY: MEASURED LOADS VS.
ESTIMATED LOADS

The University of California (UC),
Davis set out to measure equipment
loads in two of its laboratory buildings.
The data were to be used to size HVAC
systems in new, comparable facilities.
In both buildings, clamp-on meters
were used to continuously measure:

* Apparent instantaneous power—the
product of the voltage and the current
at any given moment.

* Actual instantaneous power—the
actual instantaneous power draw, which
becomes a thermal load to a space.

* Average interval power—the average
actual instantaneous power measured
over 15-min intervals.

Each measurement period was about
two weeks long. The measurements were
taken in various laboratory spaces when

the labs were nominally fully occupied
and in use.

Figure 2 shows peak apparent instan-
taneous power, peak actual instantaneous
power, and average interval power meas-
ured in 15-min intervals in two labora-
tory spaces over a period of about four
weeks. In each interval, peak apparent
power always is equal to or greater than
peak actual power, which, in turn, always
is greater than average interval power.
In Space A, the overall peak apparent
power is about 8 w per square foot,
while the overall peak actual power is
about 7.5 w per square foot, and the
maximum interval power is about 3.75 w

per square foot. In Space B, the overall
peak apparent power is about 40 w per
square foot, while the overall peak
actual power is about 29 w per square
foot, and the maximum interval power
is about 6 w per square foot.

Generally, because space temperature
is not sensitive to instantaneous peaks
lasting only a few seconds, sizing HVAC
systems to peak instantaneous power is
unnecessary. (The only exceptions are
HVAC systems for highly specialized labs
with equipment, processes, or instru-
ment-calibration requirements necessi-
tating tight space-temperature control.)
Although, in most situations, sizing
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FIGURE 2. Equipment loads measured in 15-min intervals in two laboratory spaces in a
UC Davis building. “Apparent power” is the peak apparent instantaneous power in each
interval, while “actual power” is the peak actual instantaneous power in each interval,
and “interval power” is the average power in each interval.
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HVAC systems to maximum interval
power is more appropriate, designers
have been known to assume equipment
loads that exceed even peak instanta-
neous power. Figure 3 compares meas-
ured loads to assumed design loads in
several different laboratory spaces in a
UC Davis building. The design assump-
tions were two to five times the peak
instantaneous power and an order of
magnitude above the maximum interval
power. Evidence from laboratory design-
ers and planners suggests this is not
unusual.

BENEFITS OF RIGHT-SIZING

Some designers contend HVAC-
equipment size is driven by ventilation
requirements, not equipment load. That
is true—in some cases (e.g., laboratories
with low equipment loads and high
minimum ventilation rates). In a para-
metric simulation study involving a

W Design load

—1 Maximum apparent power
B Maximum interval power
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FIGURE 3. Design loads vs. measured power in various laboratory spaces at UC Davis.

prototypical 100,000-sq-ft laboratory
building, equipment load clearly was
shown to affect chiller tonnage in a
wide range of climatic conditions.” The
minimum ventilation rate was 1 cfm per
square foot. The base-case equipment
load was 12 w per square foot, which
corresponded to an “oversize” load. Cases

with “right-sized” loads of 8 w per square
foot and 4 w per square foot were
modeled. Figure 4 shows the reduction
in total chiller tonnage from right-sizing.
In Adanta, for instance, the assumption
of 8 w per square foot resulted in a
reduction of 100 tons, while the assump-
tion of 4 w per square foot resulted in a
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FIGURE 4. Reduction in chiller tonnage attributed to right-sizing equipment load from
12 w per square foot to 8 w per square foot and 4 w per square foot in a prototypical

100,000-sq-ft laboratory building.’

reduction of about 200 tons.

At the University of California,
Merced, the central plant was right-sized
based on benchmark data from other
campuses.® In addition to a worst-case
estimate, a “most likely maximum” load
was used to determine a reasonable
margin of safety.

The following approach to right-
sizing HVAC systems based on measured
equipment loads is recommended:
“For each comparable laboratory space,
obtain one week (seven days) of continu-
ous power metering at a distribution-
panel level of all laboratory equipment,
including plug loads and hard-wired
equipment. ... Metering data should
be obtained while the spaces are fully
occupied. Continuous metering data
should be time-averaged over 15-min
time periods. Design heat-load criteria
for each typical laboratory space in the
facility should then be based on the max-
imum load indicated over the metering
period.”"*"!

This approach represents a minimum
requirement. Longer or more detailed
measurements may be required.

In addition to measured loads, proba-
bility-based analysis (PBA) can be used
for right-sizing, especially if no compara-
ble laboratories are available. PBA essen-
tially is a “bottoms-up” approach to
deriving diversity factors for space loads.

It is based on aggregating probability
of use for each heat source in a space.
(A more detailed description of PBA
is provided by Martin.”) PBA and load
measurements can be used in conjunc-
tion with one another, providing two
reference points for right-sizing.

A single fume hood can
consume as much energy as
three average U.S. homes.
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In October, this series will conclude
with discussion of simultaneous heating
and cooling. Load variation in time series
measurements and its impact on energy
use will be examined and strategies for
minimizing simultaneous heating and

cooling offered.
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